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(57) Abstract 

A novel design for a fiuidized bed reactor (10) is provided. The fluidized bed reactor (10) includes a baffie system (16, 17, 
18, 19) to ensure the proper residence time of the feed materials (20). The fluidized bed reactor (10) also provides a novel method 
for reducing the negative effects of thermal expansion in the reactor. A variable flow gas nozzle (48) is also disclosed. And a pro- 
cess for the conversion of reactor feed (20) to iron carbide is disclosed. 
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FLUIDIZED BED REACTOR 
AND PROCESS FOR USING SAME 

FIELD OF THE INVENTION 
The present invention relates to a novel design for a 
5 fluidized bed reactor and a novel process for using the 
fluidized bed reactor • More particularly , the present 
invention relates to a fluidized bed reactor useful for 
converting reactor feed into iron carbide, which is 
particularly useful in an iron carbide steel-making 
10 process, 

BACKGROUND OF THE INVENTION 
Typically, iron ore is converted to steel through 
basic processes that have been known for many years. These 
processes usually involve the conversion of iron ore to pig 

15 iron in a blast furnace using coke produced in a coke oven, 
and the subsequent conversion of the pig iron, or hot 
metal, to steel in an open hearth or basic oxygen furnace. 
However, the high energy and capital costs involved with 
making steel in the traditional manner have created a 

20 demand for new, less expensive methods for producing steel. 
More specifically, a great deal of effort has been directed 
to the elimination of the blast furnace and the coke oven 
in steel-making. Blast furnaces use large quantities of 
energy, the cost and availability of which is becoming more 

25 and more uncertain. Additionally, coke ovens are a large 
source of pollutants, and modifications to existing coke 
ovens to meet government regulations are becoming 
prohibitively expensive. 
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Accordingly, some effort has been directed to the 
conversion of iron ore directly to iron carbide followed by 
the production of steel from the iron carbide, thereby 
- eliminating the blast furnace step. 
5 In this regard, U.S. Reissue Patent No. Re 32,247 by 

Stephens, Jr. discloses a process for the direct production 
of steel. Iron oxides in iron ore are converted to iron 
carbide, and steel is then produced directly from the iron 
carbide in a basic oxygen furnace or electric furnace. The 

10 electric furnace is typically an electric arc furnace, 
although it is possible to use other electric furnaces, 
such as an induction furnace. In the direct production 
process, the iron oxides in the iron ore are reduced and 
carburized in a single operation using a mixture of 

15 hydrogen (as a reducing agent) and carbon bearing 
substances (as carburizing agents) . The process is 
typically carried out in a fluidized bed reactor. Steel is 
then produced by introducing the iron carbide into a basic 
oxygen furnace or electric furnace, with the blast furnace 

y 

2 0 step being eliminated. 

While the process of Stephens, Jr. has proven to be an 
important advance in the art, a need exists for further 
improvements in this method of directly producing steel. 
For example, in the step of converting the iron oxides into 

25 iron carbide, even minor variations in the process para- 
meters can cause inferior results, e.g. minor variations in 
the interrelated process parameters of temperature, 
pressure and gas composition can cause free iron (Fe) or a 
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variety of iron oxides such as Fe 2 0 3/ Fe 3 0 4 , and FeO to be 
produced rather than iron carbide. 

A problem associated with the process is the use of a 
standard fluidized bed reactor. In such a reactor, rapid 
5 mixing of fresh feed with the material in the bed takes 
place. This mixing results in unreacted ore being tran- 
sported to the discharge point, thus producing a product 
containing reacted and unreacted constituents. Another 
problem with standard reactor bed assemblies is that there 

10 may be an uneven pressure drop from the windbox to the 
reactor hed, leading to an uneven distribution of gases. 
Orifice plates used to regulate the drop in pressure are 
often limited in use, since there may be no means to 
control the total pressure drop. Further, orifice plates 

15 tend to expand when heated, and result in cracking of the 
plate or the surrounding walls. Large orifice plates also 
tend to sag when subjected to high heat. 

The present invention provides a novel reactor design 
that overcomes the various problems in the prior art and 

20 enables the production of a high quality end-product. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, a fluidized 
bed reactor having a plurality of baffles to define a path 
for the flow of reactor feed during the fluidized bed 
2 5 conversion process is provided. 

In accordance with the present invention, an orifice 
plate assembly is provided having an orifice plate designed 
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to compensate for the effects of thermal expansion. The 
orifice plate assembly can further comprise a plurality of 
gas nozzles. 

In accordance with the present invention, a process is 
5 provided for the conversion of reactor feed to iron carbide 
using a novel fluidized bed reactor having a plurality of 
baffles. 

In accordance with the present invention, a novel gas 
nozzle is provided which regulates the flow and distri- 
10 bution of reducing and carburizing gases into a fluidized 
bed reactor. 

The reactor bed assembly according to the present 
invention provides a number of advantages. The baffled 
reactor design permits the reactor feed to progress through 

15 the bed in a uniform, plug flow fashion, thereby reducing 
the mixing of a reacted and unreacted feed. The orifice 
plate according to the present invention, provides a means 
for controlling the pressure drop between the windbox and 
the reactor bed and the distribution of gases. The negative 

2 0 effects of thermal expansion associated with orifice plates 
in fluidized reactors are overcome by advantageously 
providing a novel design, wherein the orifice plate is free 
to expand in substantially all directions. The novel design 
also allows the placement of unattached supports at the 

25 bottom of the orifice plate to minimize sagging. 
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BRIEF DE SCRIPTION OF THE DRAWINGS 
Figure 1 is a top view of an embodiment of a fluidized 
bed reactor. 

Figure 2 is a view of an embodiment of a fluidized bed 
5 reactor in cross-section taken along line 2-2 of Figure 1. 

Figure 3 is a cross-sectional view of an embodiment of 
an orifice plate design. 

Figure 4 is an exploded view of an embodiment of an 
adjustable gas nozzle. 

10 DETAILED DESCRIPTION OF THE PREFERRED EM BODIMENTS 

A process for the conversion of iron oxide ore to iron 
carbide and the subsequent use of that iron carbide in a 
direct steel-making process is disclosed in U.S. Reissue 
Patent No. Re 32 , 247. This process involves the conversion 

15 of iron oxide ore fines or concentrates to iron carbide 
using fluidized bed units operating at relatively low 
temperatures and employing mixed hydrogen, carbon monoxide 
and hydrocarbon ^gases as reducing and carburizing agents. 
The iron carbide is non-pyrophoric, can be transported 

20 easily, and contains a high percentage of iron. The 
required reducing gases can be produced utilizing conven- 
tional gas producing systems from natural gas, liquid or 
solid fuels, none of the systems being dependent on high- 
quality fuels. 

25 In the steel-making process, the iron carbide product 

can be used directly in a conventional or modified basic 
oxygen vessel where it can be batch charged or blown into 
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the vessel utilizing, for example, a pneumatic transfer 
system. While iron carbide releases heat upon oxidation, 
it is advantageous to use hot iron carbide directly from 
the fluidized bed reactor as the feed to the steel-making 
5 furnace, thereby further reducing the amount of heat energy 
necessary to produce steel. 

To efficiently convert reactor feed to iron carbide 
according to the present invention, it is preferable that 
the feed material remain in contact with the conversion 

10 gases for a length of time sufficient to allow the 
diffusion controlled reactions to proceed to completion. 
In prior art single compartment, non-baffled fluidized bed 
reactors, rapid mixing of fresh feed material with the 
material in the bed takes place, resulting in unreacted 

15 material being transported to the discharge point and thus 
producing a product containing undesirable unreacted 
constituents . 

The amount of undesired mixing is generally a function 
of , the turbulence in the fluidized bed which, in turn, is 
2 0 a function of the gas velocities used for f luidization. 

Since the time required to react the feed material is 
fixed by the reaction conditions, and the cost of 
decreasing the feed rate, and thus increasing the residence 
time is expensive, it is desirable to minimize the mixing 
25 of feed and product which occurs in the reactor. 

To minimize the mixing or short circuiting, while 
maintaining the excellent gas-solid contact characteristics 
in the fluidized bed, it is preferable to create a plug 
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flow condition for the solids in the fluidized bed reactor. 
A vessel of substantially uniform cross-section, for 
instance, any rectangular or circular cross-section, can be 
used as the fluidized bed reactor. However, due to thermal 
5 stresses and non-uniform cheating problems in these linear 
reactors, it is more preferable to use a circular fluidized 
bed reactor having baffles that cause the feed material to 
move in a predetermined manner from the initial feed point 
to the reactor discharge point. Creating plug flow 
10 conditions in the fluidized bed reactor by using vertical 
baffles within the reactor causes the feed to move in a 
more tortuous, but uniform path through the reactor and 
creates a plug flow condition. 

The number and arrangement of the baffles required for 
15 any given size reactor and set of conditions can be 
determined and the baffles adjusted accordingly. In this 
instance, it is desirable to know the quantity, 
temperature, composition, and pressure of the conversion 
gases, as well as the quantity, temperature and composition 
2 0 of the reactor feed, in order to determine the optimal 
baffle configuration. The optimal baffle configuration 
refers to the number of baffles required to give plug flow 
conditions, while insuring the substantial completion of 
the desired reaction. 
15 The progress of the conversion can be thought of as 

occurring in a number of stages. In the first stage, the 
conversion of hematite to magnetite is substantially 
completed. In the remaining stages, the conversion of the 
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magnetite to the iron carbide takes place. It is possible 
to analyze the set of reaction parameters/ as discussed 
hereinabove, and calculate the degree of conversion in the 
stages. In this manner, it is possible to determine in 
5 advance whether the path length obtained through the 
baffles is sufficient to provide the desired conversion- 
Referring now to Figures 1 and 2, an embodiment of a 
fluidized bed reactor according to the present invention is 
shown. The iron ore feed 20 enters the fluidized bed 

10 reactor 10 at inlet 12 and proceeds through the fluidized 
bed reactor 10 in an essentially plug flow manner. The 
plug flow is created by baffles 16, 17, 18, and 19. The 
reactor feed 20 is fluidized by a plurality of nozzles 48 . 
Preferably, the nozzles are adjustable. After traversing 

15 baffle 19, the carburized reactor feed exits the reactor at 
outlet 14. 

Preferably, the depth of the fluidized reactor bed 
should not be greater than twice the bed diameter. However, 
this ratio can change with the pressure of the incoming 

2 0 gases. For instance, as the pressure of the incoming gases 
increases, it is possible to increase the fluidized bed 
depth. According to the present invention, it is preferable 
that the reactor feed has an average diameter of between 
about 0.1 millimeter and about 1.0 millimeter. Corres- 

2 5 ponding to this feed size, the preferred fluidized bed 
depth is about 12 feet (3.66 meters), while the preferred 
diameter can be up to about 40 feet (12.2 meters), but is 
preferably not smaller than about 6 feet (1.83 meters). 
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The gas flow is preferably sufficient to maintain a space 
velocity of between about 1 and about 4 feet per second 
(0.3 to 1,22 meters per second), more preferably about 2 
feet per second (0.61 meters per second). The distance 
5 between the baffles is preferably between about 5 and about 
10 feet, more preferably between about 6 and about 8 feet. 

An added advantage of the baffled configuration is 
that in enlarged, non-baffled reactors, such as those over 
10 feet in diameter, the use of a single feed and a single 
10 discharge point results in an elliptical flow pattern for 
solids- The elliptical flow pattern results in inactive 
areas at the sides of the normal flow pattern, where the 
incoming gas is not used for feed conversion. Thus, these 
inactive areas adversely affect the capacity of the 
15 reactor. With the use of baffles, the resulting flow 
control utilizes the full area of the reactor while 
requiring only a single feed and a single discharge point. 
This is important in the iron carbide process, where the 
ability of incoming gases to contact unreacted feed 
2 0 particles determines the efficiency with which the 
circulating gas can be utilized. 

In a fluidized bed reactor according to the present 
invention, the conversion gases are preferably heated 
separately from the fluidized bed reactor. The conversion 
2 5 gases are then transferred to a wind box located below the 
fluidized bed and separated therefrom by an orifice plate. 
The orifice plate effectively controls the pressure drop 
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and assures that the gases are distributed uniformly 
throughout the fluidized bed. 

In order to compensate for thermal expansion which may 
take place in the orifice plate , so that the plate will 
5/ remain flat and supported from the side, a novel "S" ring 
expansion system is used where the orifice plate is 
connected to the reactor shell. The "S" ring configuration 
is designed so that the bottom surface of the orifice plate 
does not contact the sidewalls of the reactor shell. Thus, 
10 as the plate increases in temperature, it is free to expand 
in substantially all directions and no unnecessary stresses 
are placed on the plate or reactor shell. 

Referring now to Figure 3, a cross-section of an 
orifice plate assembly according to the present invention 
15 is shown. The orifice plate assembly 40 includes an orifice 
plate 47- The assembly 40 is commonly circular, and in one 
embodiment has a diameter of about 40 feet (12.2 meters). 
The orifice plate 42 extends the full diameter of the 
assembly 40. At the inner circumference of the refractory 
2 0 wall 41 the orifice plate 47 intersects the refractory wall 
41 and continues through the thickness of the refractory 
wall 41 terminating near the reactor wall 43 . 

Following the cross-section of the orifice plate 47 
from the reactor wall 43. through the refractory wall 41 
25 inward, the orifice plate .47 bends downward 45 near the 
inside of the reactor wall 41. After the downward bend 45, 
the orifice plate 47 then bends back upward 42 to return to 
a substantially horizontal plane 46. The design is 
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consistent around the entire circumference to insure that 
thermal expansion can be accommodated. Thus, as the 
horizontal section 16 of the orifice plate that is 
subjected to the heat and expands, the horizontal section 
5 46 and the upward turn AZ in the »S" design are supported, 
but are substantially free to expand outwardly. The 
stresses are absorbed primarily in the downward turning 
portion 45 . 

A refractory material M may be placed on the 
10 horizontal surface 16 of the orifice plate. Such material 
can include any heat resistant material and it has been 
found to be particularly useful to utilize a castable 
refractory for this purpose. 

Another advantage of the orifice plate according to 
15 the present invention is that it is possible to place 
unattached supports (not shown) beneath the orifice plate 
to minimizing sagging. Thus, it is possible to use large 
.diameter orifice plates, and therefore, large diameter 
fluidized bed reactors, without the problems associated 
2 0 with sagging of the orifice plate. 

To accurately control the pressure drop and therefore 
the distribution of gases moving from the windbox below the 
orifice plate to the fluidized bed, variable flow orifice 
nozzles 48. (only one shown) , preferably of metallic 
25 construction, are utilized. An exploded view of an orifice 
nozzle according to the present invention is shown in 
Figure 4. The unit includes a cap 52 that is adapted to 
fit securely over a base The cap 5Z can be rotated 
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about a bolt 56 to selectively change the area of a 
plurality of openings 54 in the base perimeter. After the 
proper opening to allow the proper gas flow has been 
determined and set, the cap §Z can be locked in place by 
5- means of a set screw (not shown) which, if desired, can be 
welded in place. This design allows a given reactor to be 
used to process various sizes of feed materials using 
different total gas flows, while maintaining constant 
predetermined pressure drops across the orifice plate. 
10 Having fully described the novel fluidized bed reactor 

according to the present invention, a novel process 
utilizing the reactor will be described. This novel 
process is the subject of commonly-assigned U.S. Patent 
Application No. 07/561,189 entitled "PROCESS FOR PREHEATING 
15 IRON— CONTAINING REACTOR FEED PRIOR TO BEING TREATED IN A 
FLUIDIZED BED REACTOR". 

The conversion of reactor feed to iron carbide is 
improved by preheating the reactor feed prior to conversion 
to iron carbide in the fluidized bed reactor. Preferably, 
20 the preheating is carried out in a kiln with an oxidizing 
atmosphere . 

The reactor feed available for conversion to iron 
carbide (Fe^) is typically a mixture of magnetite (Fe 3 0 4 ) , 
hematite (Fe 2 0 3 ) and other materials, rather than consisting 
25 entirely of one material. The reactor feed may also 
include some gangue and water. As used herein, the term 
reactor feed refers to any material useful in the practice 
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of the present invention, for example, iron ore and iron 
ore concentrates. 

The reactor feed is preferably preheated to a 
temperature of between about 300'C and about 1000 "C, more 
5 preferably between about 500'C and about 900*C, and most., 
preferably between about 600 # c and about 800 *C. The 
reactor feed is preferably preheated for a period of time 
sufficient to oxidize at least a portion of the feed and 
improve the subsequent conversion to iron carbide. For 

10 example, at least a portion of any magnetite present in the 
reactor feed is converted to hematite. It is preferable to 
preheat the reactor feed at least until the percentage of 
hematite is greater than 30 percent, more preferably 
greater than 50 percent, and most preferably greater than 

15 8 0 percent. The advantages of preheating the reactor feed 
in this manner will become clear with the explanation 
hereinbelow. 

The kiln utilized for the preheating process can be 
any kiln which is capable of attaining the preferred 

20 temperatures and providing oxygen-containing gas to the 
reactor feed. As used herein, the term kiln refers to any 
furnace or heating unit such as a rotary hearth furnace or 
a fluidized bed furnace. 

Gas compositions useful in the kiln atmosphere during 

2 5 the preheating step include any gas compositions which are 
capable of oxidizing the reactor feed. For example, air, 
which typically includes about 21 percent oxygen, can be 
circulated through the preheating kiln to supply oxygen. 
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In one embodiment, excess air is - added to a fuel to 
generate oxygen-rich combustion gases vused to preheat and 
oxidize the reactor feed. Any gas or mixture of gases that 
contains free oxygen, e.g. pure oxygen and oxygen-enriched 
5 air, can be used. It is preferable that the oxygen- 
containing gas includes at least between about 1 percent 
and about 10 percent oxygen, more preferably between about 
2 percent and about 5 percent oxygen. 

One advantage to preheating the reactor feed in an 
10 oxidizing atmosphere is that any magnetite that may be 
present in the feed is partially or fully oxidized to 
hematite, prior to being converted to iron carbide. It has 
been found that hematite is more readily converted to iron 
carbide than is magnetite. While not wishing to be bound by 
15 theory, it is believed that the improvement is attributable 
to the opening of interstitial pores in the iron oxide 
structure when additional oxygen atoms are forced into the 
structure during the preheat step and then removed from the 
structure during the reduction, leaving a more porous 
structure available for subsequent diffusion controlled 
reactions . 

In addition to the oxidation of magnetite to hematite, 
other advantages are realized by utilizing the process of 
the present invention. For example, sulfur is eliminated 
or stabilized when preheated in an oxidizing atmosphere. 
In an oxidizing preheat step, sulfide sulfur content is 
significantly reduced by conversion to sulfur dioxide (S0 2 ) , 
which is a volatile gas, or stabilized by being oxidized 



20 



25 
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and subsequently combined with alkaline earth oxides, such 
as calcium oxide or potassium oxide, to form thermally 
stable sulfates. It has been found that the presence of 
sulfide sulfur in the reactor feed during the conversion 
5 step retards the production of iron carbide. Thus,*: 
preheating in an oxidizing atmosphere yields another 
unexpected result that is beneficial to the production of 
iron carbide from the reactor feed. 
.. The preheat step also reduces free moisture as well as 
10 moisture of hydration, thus reducing the amount of water 
entering the conversion reactor. In this respect,* the 
minimization of moisture is important since the conversion 
step is partially controlled by the amount of hydrogen 
which can be converted to water by combining with oxygen in 
15 the feed. Due to chemical equilibrium constraints, any 
increase in water coming into the reactor limits the amount 
of water that can be formed in the reactor. Hence, removal 
of the water in the preheat step improves the efficiency 
and capacity of the process. Preferably, the total water 
2 0 content in the preheated reactor feed is less than abc t 4 
percent, more preferably, less than about 3 percent, and 
most preferably less than about 2 percent. 

Finally, by preheating the reactor feed, less heat 
needs to be added to the fluidized bed reactor system by 
2o the conversion gases or by heating the fluidized bed 
reactor. 
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After the reactor feed has been preheated, the feed is 
then converted to iron carbide, preferably in a fluidized 
bed reactor, as described hereinabove. 

To insure that the end product is substantially iron 
5 carbide, the composition of the conversion gases, the 
pressure and the temperature must be tightly controlled. 
Preferably, this control is maintained by a computer 
automated system, which is the subject of commonly assigned 
U.S. Patent Application Nos. 07/561,100 and 07/561,077, 
10 entitled "METHOD FOR CONTROLLING THE CONVERSION OF IRON- 
CONTAINING REACTOR FEED INTO IRON CARBIDE", and "PROCESS 
FOR CONTROLLING THE PRODUCT QUALITY IN THE CONVERSION OF 
REACTOR FEED INTO IRON CARBIDE", respectively. 

Typically, the equilibrium gas system comprises five 
15 gases. These include water (H 2 0) , carbon monoxide (CO), 
carbon dioxide (C0 2 ) , hydrogen (H 2 ) , and methane (ch 4 ) . 
Additionally, there may be some nitrogen (N 2 ) present in the 
system. 

While the above constitutes the equilibrium gases, it 
20 is to be understood that hydrogen, carbon and oxygen can be 
added to the system in any number of forms, including 
gaseous or solid form, so that the five gases at any given 
temperature and pressure are in the preferred proportions. 
For example, other hydrocarbon gases, such as propane 
25 ( C 3 H s) ' can b ® added to attain the proper equilibrium of 
hydrogen, carbon and oxygen. 

Preferably, the incoming gas from the windbox contains 
the following (or the equivalents thereof), in mole 
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percent: up to about 20 percent, preferably between 5 and 
about 10 percent carbon monoxide; up to about 20 percent, 
preferably between about 2 and about 8 percent, carbon 
dioxide; up to about 80 percent, preferably between about 
5 35 and about 50 percent methane; up to about 80 percent, 
preferably between about 35 and about 50 percent hydrogen; 
from about 0 percent to about 15 percent, preferably 
between about 0 and about 10 percent nitrogen; and up to 
about 5 percent, preferably between about 1 and about 2 
10 percent water vapor. 

During the conversion, the gas pressure above the 
fluidized bed reactor is preferably in the range of about 
15 psia to about 45 psia (about 100 to about 310 kPa) , more 
preferably between about 15 psia and about 30 psia (about 
15 100 to about 210 JcPa) . The temperature in the windbox 
space below the fluidized bed is preferably in the range 
between about 500 'C and 750 # C, and more preferably in the 
range between about 600 "C and about 700 °C. The temperature 
in the space above the fluidized bed is preferably in the 
2 0 range between about 500 °C and about 650 *C, and more 
preferably between about 550 *C and about 600 °C. 

After conversion, the iron components in the 
carburized feed preferably comprise at least about 90 
percent, more preferably, at least about 95 percent, more 
2 5 preferably at least about 97 percent, and most preferably 
at least 98 percent iron carbide. The remaining impurities 
typically include oxides or metallic iron. Preferably, the 
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maximum iron oxide content is about 2 percent, while the 
maximum amount of metallic iron is about 1 percent. 

The iron carbide produced according to the present 
process may have a layer of hydrogen on its surface upon 
5 exiting the fluidized bed reactor. Since catalytic 
combustion of the hydrogen can cause the material to become 
pyrophoric, it is desirable to rinse the iron carbide to 
remove this hydrogen layer. For instance, the iron carbide 
may be subjected to a flow of inert gas such as nitrogen, 
10 carbon dioxide, or a noble gas, to remove the hydrogen. 
The flow rate and quantity of gas should be sufficient to 
remove most of the hydrogen. Alternatively, the hydrogen 
may be removed by placing the iron carbide in a vacuum. 

According to one embodiment of the present process, 
15 the iron carbide can be utilized in a direct steel-making 
process. Preferably, the conversion of the iron carbide to 
steel occurs in a basic oxygen furnace. Because of the 
nature of the basic oxygen furnace process, special 
conditions apply to the processing of iron carbide to steel 
2 0 by this process as compared to other steel-making processes 
and furnaces. 

If the reducing step and the steel -making step are 
close-coupled, heat calculations show that only a small 
amount of added heat is required to make the process auto- 
thermal. Preferably, the iron carbide comes out of the 
fluidized bed unit at an elevated temperature of about 
490 °c to about 710 °C, more preferably from about 550 °C to 
about 600 °C, and is added directly to the basic oxygen 
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furnace at that temperature. Alternatively, the iron 
carbide can be further heated to 1200 *C to provide all of 
the heat to make the process auto-thermal. 

The off-gases from the steel-making furnace may be 
5 channelled directly to the fluidized bed unit. In. .this 
embodiment of the process, substantially all of the carbon 
required in the fluidized bed unit to convert the reactor 
feed to iron carbide is recovered as carbon monoxide in the 
furnace and recycled through the fluidized bed unit to be 
10 reused in producing iron carbide. 

If the iron carbide product is cooled before the 
steel-making step, then heat must be added either in the 
form of reheating the product or adding extra heat to the 
steel -making step, 
15 Heat balance calculations show that at ambient 

temperature, iron carbide does not contain fuel value 
sufficient to permit the reaction taking place in the basic 
oxygen furnace to be auto-thermal. The additional heat 
required to make the reaction self-sustaining can be 
20 supplied in a number of ways. For example, the off -gas 
from the basic oxygen furnace produced by the processing of 
iron carbide contains about 90 percent carbon monoxide in 
addition to substantial sensible heat. The sensible heat 
may be exploited through t. use of heat exchangers or 
25 otherwise to heat the incoming iron carbide. By burning a 
portion of the off-gas f sufficient heat can be generated to 
augment the sensible heat and to affect the required 
preheating of the incoming iron carbide charge to make the 
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process auto-thermal. Under some conditions, the sensible 
heat alone is sufficient or the heat for the preheating can 
be obtained entirely from combustion of the off -gas. 
Preferably, the preheat temperature range is from about 
5 700 °C to about 1200 °C, more preferably from about 1100 °C to 
about 12 00"C. 

As another alternative, the heat required to make the 
process auto-thermal can be supplied wholly or in part by 
direct heating of the Fe 3 C charge with an external heat 
10 source. Sufficient carbon may also be added to the iron 
carbide to provide any required additional heat by 
combustion during the process. The amount of carbon added 
varies from about 3 weight percent to about 5 weight 
percent of the iron carbide. The carbon may be added 
15 directly to the iron carbide by preheating the iron carbide 
in carbon-bearing gases consisting primarily of carbon 
monoxide. Alternatively, hot metal may be added to the 
oxygen furnace charge to provide additional heat. 

; In conventional basic oxygen steel-making, scrap iron 
is typically added to molten pig iron (hot metal) for 
cooling purposes, in accordance with the present process, 
instead of scrap iron, cold iron carbide charge can be 
added to molten pig iron in the basic oxygen or electric 
furnace. A significant advantage of this feature is that 
25 iron carbide can be added as a coolant in an amount two 
times the amount of scrap iron that can be added to 
conventional basic oxygen furnace processes for cooling. 
For example, iron carbide can be added in an amount up to 
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50 percent by weight of the iron carbide hot metal charge. 
On the other hand, the standard basic oxygen furnace 
procedure calls for adding about 70 percent hot metal and 
about 3 0 percent scrap iron. Using iron carbide, less hot 
5 metal is added to the charge, therefore , a plant that uses 
scrap iron as a coolant can make 50 percent more steel by 
using iron carbide. One advantage of this is that blast 
furnaces which may presently be in place can continue to be 
operated in conjunction with the present process. 
10 If the steel-making is conducted in an electric 

furnace, any extra heat required may be supplied by means 
of the electrical energy normally used in this type of 
furnace. 

The above procedures may be used, alone or in 
15 combination, for providing the necessary heat for the iron 
carbide charge to make the reaction in the basic oxygen 
furnace auto-thermal, if desired. 

A number of advantages of this process are apparent 
from the above description. One advantage is that it 
2 0 eliminates the expensive, intermediate blast furnace step 
in converting iron ore to steel. When the converting and 
steel-making steps are performed in combination at the same 
site, only a small amount of added heat is necessary for 
the steel-making step and carbon monoxide from the steel - 
2 5 making step provides the necessary carbon for carburization 
of reactor feed. When molten pig iron (hot metal) is used 
in steel-making, large amounts of iron carbide can be added 
for cooling. The overall process is practically pollution- 
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free and provides for maximum conservation and reuse of 
non-product reactants. A further advantage of the overall 
process is that it results in a savings in transportation 
costs when the carbide is made near the mine before 
5 transport to the steel -making furnace since iron carbide 
contains a higher percentage of usable material than iron 
oxide. 

While various embodiments of the present invention 
have been described in detail, it is apparent that 
10 modifications and adaptations of those embodiments will 
occur to those skilled in the art. However, it is to be 
expressly understood that such modifications and 
adaptations are within the spirit and scope of the present 
invention, as set forth in the following claims. 
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What is Claimed is : 

1. An orifice plate assembly for controlling the 
pressure drop between a wind box and a fluidized reactor 
bed, comprising: 

(a) an orifice plate having an outer edge portion and 
a central portion, wherein said outer edge portion 
substantially surrounds said central portion and said outer 
edge portion lies in a separate horizontal plane from said 
central portion and wherein said central portion is capable 
of expansion in substantially all directions; and 

(b) means in said central portion to regulate the 
passage of gas from said windbox to said reactor bed. 

2. An orifice plate assembly as recited in Claim 1, 
wherein said gas regulating means comprise a plurality of 
adjustable gas nozzles. 

3. An orifice plate assembly as recited in Claim 1, 
further comprising a plurality of unattached supports 
contacting the bottom of said central portion to minimize 
sagging. 

4. An orifice plate assembly as recited in Claim 1, 
wherein said outer edge portion is adapted to extend 
through a refractory wall and be supported thereby. 

5. An orifice plate assembly as recited in Claim 4, 
further comprising a refractory wall adapted to engagedly 
receive said outer edge portion. 

6. An orifice plate assembly as recited in Claim 1, 
further comprising a layer of refractory material on the 
top surface of said central portion. 
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7. An orifice plate assembly as recited in Claim 1, 
wherein said central portion is substantially circular and 
has a diameter of at least about 10 feet. 

8. An orifice plate assembly as recited in Claim 1, 
further comprising a plurality of baffles extending 
vertically upward from said orifice plate, wherein said 
baffles define a path through which feed material flows. 
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9. A fluidized bed reactor for the conversion of 
reactor feed to iron carbide, comprising: 

a) an inlet adapted to receive reactor feed material 
onto a reactor bed; 

b) an outlet adapted to allow the exit of the feed 
material from the reactor bed; 

c) an orifice plate to control the pressure and 
distribution of gas in said fluidized bed reactor, said 
orifice plate having means to minimize the effects of 
thermal expansion; and 

d) a plurality of baffles, wherein said baffles 
define a continuous path through which feed material flows 
over said reactor bed, said continuous path being of a 
sufficient length to allow at least about 90 percent of the 
iron in the reactor feed to convert to iron carbide. 

10. A fluidized bed reactor as recited in Claim 9, 
wherein said baffles are substantially parallel to each 
other. 

11. A fluidized bed reactor as recited in Claim 10, 
wherein the distance between any two adjacent baffles is 
between about 6 and about 8 feet. 

12. A fluidized bed reactor as recited in Claim 9, 
wherein said reactor bed has a depth of not more than twice 
the diameter of said reactor bed. 

13. A fluidized bed reactor as recited in Claim 9, 
wherein said reactor bed is substantially circular. 
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14, A fluidized bed reactor as recited in Claim 9, 
wherein said orifice plate further comprises a plurality of 
adjustable gas nozzles. 
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15. A process for the conversion of reactor feed to 
iron carbide, comprising the steps of: 

a) preheating the reactor feed; and 

b) converting the preheated reactor feed to iron 
5 carbide in a fluidized bed reactor; 

wherein the fluidized bed reactor comprises a reactor 
bed having a. plurality of baffles defining a flow path for 
the reactor feed, the flow path being a sufficient length 
to permit the conversion of at least about 90 percent of 
10 the iron in the reactor feed to iron carbide* 

16. A process as claimed in Claim 15, wherein said 
converting step comprises contacting the reactor feed with 
an equilibrium mixture of gases comprising hydrogen, carbon 
monoxide, carbon dioxide, methane, and water. 
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17. A variable flow gas nozzle, comprising: 

a) a circular top portion having an inner diameter 
and an outer diameter and a plurality of openings on the 
circumference extending through said inner and outer 
diameters ; and 

b) a circular bottom portion having an inner 
diameter and an outer diameter adapted to receive the inner 
diameter of said top portion and having a plurality of 
channels extending through the inner and outer diameters; 

wherein said top portion is adapted to rotatably mount 
upon said bottom portion to selectively block said channels 
in said bottom portion and regulate the flow of gas 
therethrough. 
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